Patients with inflammatory bowel disease (IBD) are at risk of developing haemophagocytic lymphohistiocytosis (HLH) because of chronic systemic inflammation as well as exposure to immunosuppressive medications. The two main causes of HLH in IBD patients are infection with cytomegalovirus and Epstein-Barr virus. Patients with Crohn's disease are more susceptible to HLH than those with ulcerative colitis. The majority of cases are seen in people receiving an immunosuppressive regimen that included thiopurines.
Introduction
Haemophagocytic lymphohistiocytosis (HLH) is a rare and life-threatening condition with complications that can include multiple organ failure. It is caused by dysregulation in natural killer T-cell function, resulting in the activation and proliferation of lymphocytes or histiocytes with uncontrolled haemophagocytosis and cytokine overproduction [1] . HLH-2004 is the established treatment guideline for HLH [2] . The diagnostic guidelines for HLH are shown below (Table I) .
HLH-2004 chemo-immunotherapy includes etoposide, dexamethasone, cyclosporine A, and, in selected patients, intrathecal therapy with methotrexate and corticosteroids [3] .
There are two main types of HLH: primary and secondary. Primary HLH is inherited in an autosomal recessive or X-linked manner and can be divided into two subgroups: familial HLH and X-linked proliferative syndrome. Secondary HLH has been largely associated with infection and mainly occurs in immunocompromised patients, including those with inflammatory bowel disease (IBD) [1] .
Clinical characteristics of haemophagocytic lymphohistiocytosis in inflammatory bowel disease patients
Secondary HLH may arise from infectious, rheumatologic, malignant, or metabolic conditions. Inflammatory bowel disease (ulcerative colitis (UC) and Crohn's disease (CD)) is often considered an autoimmune disease based on the absence of identifiable causal microorganism(s) and histopathological inflammatory process and response to immune-modulating therapy. The wide spread use of immunosuppressants in patients with IBD increases the risk of infection and subsequently the risk of secondary HLH. A study has shown that paediatric IBD patients are at a 100-fold greater risk for the development of HLH than the general population [4] .
Nineteen cases of HLH with IBD were collected by searching in PubMed and ProQuest with the keywords "HLH" and "IBD", with one case from our hospital. Clinical data from the patients are summarised in Table II [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Most patients (18/20) were less than 45 years old, and their CD : UC ratio was 16 : 4. Of the 20 patients, 15 received an immunosuppressive regimen consisting of thiopurines, and three patients received only corticosteroids. The effectiveness of the immunosuppressive regimen was described in 8 patients, and among them 7 patients had a clinical response. The interval from prescription of immunosuppressive regimen to the onset of HLH was 3.5 months to 6 years. The two main causes of HLH in IBD patients were cytomegalovirus (CMV) (in 10/20 cases) and EBV (in 8/20 cases). Five patients died; 3 from Epstein-Barr virus (EBV) infection, 1 from CMV infection, and 1 from an unknown cause.
The most common symptoms of HLH were fever (20/20) , fatigue (8/20) , and abdominal pain (7/20) . ( Figure 1 ). In chest X-rays, 6 patients had multiple bilateral alveolar opacities, and ultrasonography of 2 patients showed multiple hypoechogenic nodules in the spleen or liver.
The cardinal clinical sign and symptom of HLH in IBD patients is persistent fever that is unresponsive to antimicrobials and therefore cannot be explained as infectious. Other signs include hepatosplenomegaly, lymphadenopathy, icterus, uncharacteristic rash, and oedema.
Except for hepatosplenomegaly, some specific features, such as diffuse and low-density lesions in the liver or spleen, can occasionally be found in IBD patients with HLH [1] . In one study the nature of these liver findings was further explored by liver biopsy, which revealed sinusoidal dilation with haemophagocytic histocytosis in all patients [19] .
Viral infection is the main triggering factor of haemophagocytic lymphohistiocytosis in inflammatory bowel disease patients
Virus-infected T lymphocytes undergo clonal proliferation, producing high levels of activating cytokines, including interferon-γ (INF-γ), tumour necrosis factor α (TNF-α), interleukin (IL)-12, and IL-18. The production of these cytokines contributes to macrophage activation and results in haemophagocytosis. Hypercytokinaemia causes cellular damage and dysfunction of multiple organs [20] . Interleukin 1β (IL-1β) elevation increases the level of serum ferritin, which may correlate with disease activity and treatment outcome. Hypertriglyceridaemia is an extremely common finding that is ascribable to lipoprotein lipase inhibition by TNF-α.
Both CMV and EBV infections are common in IBD patients. However, infection in an immunocompetent host is usually mild and asymptomatic. The virus can reactivate and lead to systemic infection when the host is immunocompromised.
T-lymphocyte-mediated immune responses drive both IBD-related gut inflammation and control of CMV replication and reactivation [21] . Most researchers believe that CMV infection in UC patients is related to severe colonic mucosal inflammation and refractoriness to conventional therapy and toxic megacolon. Such complications have been reported less frequently in CD patients with CMV infection. Given the possibility of CMV infection, a colonoscopic biopsy must be considered in patients with severe UC who are resistant to steroid therapy. Steroid withdrawal and antiviral therapy may achieve clinical and histological improvement, eliminate the need for surgical treatment, and prevent HLH.
Epstein-Barr virus infection is associated with infectious mononucleosis or HLH, resulting from CD21 + or CD8 + T-cell involvement, respectively. Epstein-Barr virus is the most common cause of overall secondary HLH due to infections, particularly in eastern Asia [22] . EBV-associated HLH in different diseases tends to have worse outcomes, with significant mortality (literature data reports that mortality were from 25% to 100%, varying among different surveying groups) [23, 24] , as opposed to other infections including CMV infection. Moreover, increased risk of lymphoma in IBD is probably mediated by EBV infection.
Immunosuppressive agents increase opportunistic viral infection in inflammatory bowel disease patients
Thiopurines are effective in inducing and prolonging remission of IBD. However, they sometimes cause infection. Patients using thiopurine monotherapy have a threefold increased risk of opportunistic infection compared to controls. Combining thiopurines with corticosteroids increases this risk fivefold [25] . The predisposition to viral infections may be due to thiopurine-induced apoptosis of activated T lymphocytes, which are essential in the immunological defence against viruses. Routine clinical practice in monitoring for thiopurine toxicity focuses on total white blood cell count and absolute neutrophil count. Prolonged courses of thiopurines have been documented as resulting in decreased circulating lymphocytes. Lymphopaenia may be important for HLH. Other immunosuppressive agents, such as corticosteroids and infliximab, may also be risk factors for HLH. 
Symptom

Progress in diagnosis and treatment
Patients with IBD, particularly those with CD who are receiving thiopurine therapy and who present with 5 days of fever and cervical lymphadenopathy or previous evidence of lymphopaenia, should be screened for HLH. It is of great importance for us to be aware that the phenomenon of haemophagocytosis can also emerge during other diseases, such as sepsis and multiple organ failure [26] . Usually, differential diagnosis is very difficult. Biochemical abnormalities such as elevated ferritin, triglycerides, liver enzymes, and bilirubin, low fibrinogen, aggravation of organomegaly, and cytopaenia are reminiscent of an unusual response to an infectious agent [1] . A recent study supported that CD163, a receptor for haemoglobin-haptoglobin complexes, was a marker for the activation of alternative-pathway scavenger macrophages. The plasma levels of soluble CD163 in HLH are considerably higher than in other diseases [27] . The combination of sCD25 (produced by activated T cells and dendritic cells) and sCD163 (activated macrophages) may be useful in the diagnosis and follow-up of HLH in IBD patients.
Although mortality due to HLH is between 95% and 30-35%, effective early therapy improves the outcome [28] . Various kinds of primary or secondary infections should be prevented and eliminated before or during the immunosuppressive therapy. Presently, many issues regarding HLH in IBD patients remain unresolved, and there is no consensus about the optimal treatment. Most researchers believe that thiopurines and anti-TNF monoclonal antibodies should be withdrawn immediately. Antiviral treatment is often effective. Etoposide or even haematopoietic cell transplantation is more effective than steroids alone. Etoposide is especially effective in EBV-associated HLH in IBD patients [10, 17] , and its dosage should be adjusted according to the glomerular filtration rate and serum levels of albumin and bilirubin. By specifically targeting and eliminating EBV infected B-cells, rituximab suppresses the immune dysfunction driving the disease process and is often helpful in controlling EBV-associated HLH in IBD patients [6] . Although no lymphoproliferative or malignant conditions secondary to these two drugs have been reported in IBD patients, the side effects should be taken into consideration. Because of the pivotal factor of INF-γ in pathogenesis, fontolizumab, a humanised anti-INF-γ antibody that is being evaluated in CD, may have the strongest rationale for use in this situation. Monoclonal anti-TNF antibodies should not be used as they may either improve or exacerbate HLH, particularly when the underlying cause is CD. For patients who have recovered from an episode of CMV or EBV infection and HLH, mesalamine, corticosteroids, and even infliximab are considered potentially safer options than thiopurines [29] .
Conclusions
Haemophagocytic lymphohistiocytosis in IBD patients is mainly virus-associated. Thiopurines play a key role in this serious condition. Inflammatory bowel disease patients with pancytopaenia, fever, and splenomegaly should be studied further to rule out HLH. Detection of new gene defects, a better understanding of the complex pathophysiology, and more effective salvage regimens are goals for the future.
